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Disclaimer 

The CEC and its contractor, Southern California Gas Company and subcontractor E3M Inc. has 

made reasonable efforts to ensure all information is correct.  However, neither The CEC’s, 

Southern California Gas Company’s or E3M Inc.’s publication nor verbal representations thereof 

constitutes any statement, recommendation, endorsement, approval or guaranty (either express or 

implied) of any product or service.  Moreover, The CEC, Southern California Gas Company, or 

E3M Inc. shall not be responsible for errors or omissions in this publication, for claims or 

damages relating to the use thereof, even if it has been advised of the possibility of such 

damages.  

Executive Summary 

This calculator tool can be used to estimate annual energy savings and the associated money (US 

dollars) savings and reductions in CO2 emissions through the reduction or minimization of boiler 

blowdown water via appropriate sensors and control for steam drum water quality. Minimizing 

blowdown rate can substantially reduce energy losses by reducing the hot blow down liquid sent 

to the sewer. Minimizing blowdown will also reduce makeup water and chemical treatment 

costs.  

As water evaporates in the boiler steam drum, solids present in the feed water are left behind. 

The suspended solids form sludge or sediments in the boiler, which degrades heat transfer. 

Dissolved solids promote foaming and carryover of boiler water into the steam. To reduce the 

levels of suspended and total dissolved solids (TDS) to acceptable limits, water is periodically 

discharged or blown down from the boiler. Mud or bottom blowdown is usually a manual 

procedure done for a few seconds on intervals of several hours and is designed to remove 

suspended solids that settle out of the boiler water and form a heavy sludge. Surface or skimming 

blowdown is designed to remove the dissolved solids that concentrate near the liquid surface. 

Surface blowdown is often a continuous process.  

Insufficient blowdown may lead to carryover of boiler water into the steam, or the formation of 

deposits. Excessive blowdown will waste energy, water, and chemicals. The optimum blowdown 

rate is determined by various factors including the boiler type, operating pressure, water 

treatment, and quality of makeup water. Blowdown rates typically range from 4% to 8% of 

boiler feed water flow rate, but can be as high as 10% when makeup water has a high solids 

content.  

This tool allows the user to calculate energy saving associated with reducing or minimizing 

boiler blow down water.  
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Exhibit 1: Typical boiler blowdown control system 

 

The calculator estimates the annual energy savings in terms of million British Thermal Units 

(MMBtu/year) andestimates the energy cost savings using the cost of fuel for the industrial 

application and number of operating hours per year.  This calculator also gives the reduction of 

CO2 emissions that result from the combustion of natural gas.   

The user is required to give data for several operating parameters that can be measured or 

estimated during the normal operating conditions or from available records.  Measurements used 

for the calculations should be performed during typical or average operating conditions.    

The primary objective of this calculator is to promote energy savings in industrial heating 

operations, and to allow users to calculate potential savings. The calculator’s results should be 

considered preliminary and a starting point for more detailed technical and economic analysis.  

The results are to be used as a basis for a go / no go decision for further analysis.  The accuracy 

of the calculator’s results is expected to be within plus or minus 5 percent.   

Note to the user of this calculator tool 

Use of this tool requires knowledge and operation of boilers.  The user is referred to several 

training programs and references quoted at the end of his document for further information on 

the available resources for getting trainings that would provide additional knowledge for the 

subject matters discussed in this document. 
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1. Description of the subject area  

This technical guide describes a calculator tool that will allow a user to estimate annual energy 

(fuel) savings, reductions in CO2 emissions, reduction in water use, and energy cost savings 

($/year) by installing monitoring and control technologies to reduce the amount of boiler blow 

down water. Controlled release of blow down water to replace continuous blow down can result 

in substantial savings in energy use for the boiler and in use of boiler make up water, resulting in 

reduction in boiler operating cost.  

Steam generation in boiler requires feed water that is often composed of a mixture of returned 

condensate and treated make up water.  Even with significant water treatment, a small amount of 

dissolved solids (TDS) are contained in the feed water.  These TDSs can accumulate within 

boiler when water is evaporated to generate steam.  To reduce the amount of dissolved solids in 

the boiler and prevent deposits from forming, it is common practice to discharge or release a 

small amount of water from the steam drum..  Many boilers allow for a continuous water 

discharge of water.  The rate of water blowdown can range from less than 1% when extremely 

high-quality feed water is available to greater than 20% in a system with poor-quality feed water. 

This water contains substantial percentage of total heat input for the boiler.  In many cases, the 

blown down water is sent to the sewer, resulting in waste of energy and water resource.   

One of the various methods to reduce energy and water use is to control the blow down rate to 

maintain a safe level of TDS in the boiler.  Using a conductivity sensor attached to the boiler, the 

TDS can be constantly monitored.  A commonly used blowdown control system is shown in 

Exhibit 2. For additional information, see Reference 1.   

 

 

Exhibit 2: Components of a boiler blowdown or water quality control system                      

(Courtesy – Spirax Sarco) 

In a blowdown control system (similar to Exhibit 2), a conductivity probe is used to monitor 

conductivity of water inside the boiler drum.  The signal from this probe is used to control the 

amount of blow down water discharged from the drum to maintain the desired TDS level within 

the boiler.  Information on the allowable or desired amount of TDS should be obtained for the 

boiler supplier, water treatment system supplier, and/or steam industry experts available at 
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several reputable companies.  Once again, refer to Reference 1 for information from one of the 

well known suppliers.  

A controlled rate of blow down water reduces boiler water discharge and offers associated 

savings.  This calculator is most effective when the blow down rate (current and expected) and 

boiler operating conditions are known.   

This calculator estimates the annual expected energy savings in terms of million British thermal 

units (MMBtu/year) and estimates the energy cost reduction using the given cost of fuel for the 

oven and the number of operating hours per year.  This calculator also gives the reduction in 

water use and CO2 emissions that result from application of the suggested energy saving 

measure.      

A brief summary of the important parameters follows: 

Steam evaporation rate:  The rate of steam generation for the boiler or boiler system. Steam 

flow rates can be determined using steam flow meters or other sources such as boiler 

steam capacity and boiler loading.  

Percent Reduction in boiler blow down rate – An estimated value based on current and 

expected values of boiler blow down rate.  This value can range anywhere from 1% to 8% 

depending on current blow down rate, water quality etc.  If the boiler blowdown rate is 

unknown, it is suggested that a “sensitivity” analysis and/or contact a reputable control 

equipment supplier.  You may start with the water chemical supplier or the information 

given in Reference 1.    

Boiler operating conditions – Operating conditions of a typical boiler system include such 

items as steam generation pressure (in psig), feed water temperature (
O
F), and makeup 

water temperature (
O
F).  This information can be obtained from the boiler records.  

Boiler efficiency (%) – This value should be obtained from the boiler supplier, operating 

manual, flue gas analysis, or estimate based on current operating conditions.  Depending 

on the boiler design and system operating conditions, this value can vary from 65% to 

85% for most commonly used boilers.  

Number of operating hours (hours/year) – This is the number of hours for which the 

equipment is operated.  This should be based on a recent 12-month period. 

Cost of fuel – The average fuel cost ($/MM Btu) based on the historical consumption and, if 

possible, future projected cost based on contracts with the energy supplier.  

2. Impact of boiler blow down water reduction on energy savings and CO2 
emissions 

This calculator allows a user to estimate energy (fuel) savings that can be achieved by 

controlling and reducing the rate of boiler water blow down. The fuel savings from 

implementing this measure results in reduction of CO2 emissions.  All commonly used fossil 

fuels such as natural gas (the most commonly used industrial fuel for California industries) 

results in the formation of CO2.  The reduction in CO2 emissions is directly proportional to the 

reduction in natural gas use.   Additionally, a reduction in the amount of blowdown from a boiler 

will result in reduction of water use and related cost savings.    
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The energy savings from a blowdown reduction project can vary from 0.5% for well run boilers 

to 1.5% in case where the water quality is not maintained properly. Annual energy cost savings 

depends on the cost of energy, expressed as US dollars per MM Btu. The approximate value of 

savings can be estimated by using this calculator.  

 

The CO2 savings are directly related to energy savings.  According to U.S. Environmental 

Protection Agency (EPA) estimates (Reference 5), the combustion of natural gas used in USA 

produces 116.39 lbs. of CO2 per MM Btu heat input.  For the sake of simplicity, most 

calculations use 117 lbs. CO2 emission per MM Btu heat input from natural gas.  If the natural 

gas composition is available for a facility, it is advisable to carry out detailed combustion 

calculations to estimate a more accurate value for the CO2 produced by the combustion of natural 

gas.  Reduction in CO2 emissions is calculated by using the value of reduction in energy (fuel) 

used for the furnace.  

 

Water savings incurred are due to reduction in the boiler system feed water requirements.  This 

saving can result in savings in cost of water and cost of chemicals required to treat this water as 

well as some savings in water pumping cost (usually too small to be considered for this 

calculator).  

 

3. Discussion on the technical approach and the calculations 

Control of boiler blow down rate will result in energy savings while maintaining the desired 

steam quality for the boiler.  The annual energy savings (MM Btu/year) is the difference between 

the annual energy use by the baseline system and the annual energy use by the boiler after the 

implementation of this efficiency measure.  In all cases involving boiler blow down reduction an 

essential step is to measure the blow down water quantity before and after implementation of the 

measure. The current value can be obtained by knowing steam production and boiler feed water 

entering the boiler.  In most cases, these values should be available from current instrumentation 

or good estimate.        

The main objective for this measure is to maintain steam quality while reducing energy and 

water use. With uncontrolled or manual control of blowdown, it is difficult to determine the 

concentration of dissolved solids in the boiler water and the optimal blowdown rate. Without 

measurements, operators do not know when to blow down the boiler or for how long. Likewise, 

using a fixed rate of blowdown does not take into account changes in makeup and feed water 

conditions, or variations in steam demand or condensate return. 

An automatically controlled blowdown system optimizes blowdown rates by regulating the 

volume of water discharged in relation to the concentration of dissolved solids present within the 

boiler. Automatic blowdown control systems maintain water chemistry within acceptable limits, 

while minimizing blowdown and reducing energy losses.  

There are several methods available to determine the appropriate amount of boiler blow down, 

however the most commonly used method utilizes a conductivity probe to measure conductivity 

of the boiler water and use that value to determine level of blow down required.  Automatic 

blowdown-control systems use high- or low-pressure probes are used to measure conductivity.  

The conductivity probes provide feedback to a blowdown controller that compares the measured 

conductivity with a set-point value and transmits an output signal that drives a modulating 
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blowdown release valve. Conductivity is a measure of the electrical current carried by positive 

and negative ions when a voltage is applied across electrodes in a water sample. Conductivity 

increases when the dissolved ion concentrations increase. The measured current is directly 

proportional to the specific conductivity of the fluid. Total dissolved solids, silica, chloride 

concentrations, and/or alkalinity contribute to conductivity measurements. These chemical 

species are reliable indicators of salts and other contaminants in the boiler water.  

Boilers without blowdown or boilers with high blowdown rates offer significant energy savings 

potential. The optimum blowdown rate is determined by a number of factors, including boiler 

type, operating pressure, water treatment, and makeup-water quality. Energy savings also depend 

upon the quantity of steam condensate returned to the boiler. With a low percentage of 

condensate return, more makeup water is required and additional blowdown must occur. Boiler 

blowdown rates often range from 1% to 8% of the feed water flow rate, but they can be as high 

as 20% to maintain boiler water within conductivity limits when the makeup water has a high 

solids content. 

Energy savings resulting from boiler blow down control (and associated cost reductions) is due 

to a reduction in the water flow from the boiler drum.   The water that is blown down is at the 

steam generation pressure and corresponding saturation temperature.  The amount of heat 

content depends on steam pressure since it is considered to be at saturation temperature. The 

actual amount of energy reduction is the difference in heat content between the blow down water 

(Btu/lb–hr.) and the feed water (Btu/lb–hr.) as it enters the boiler and amount of water (lbs/hr) 

reduction.    

Heat content of water can be obtained from steam table that is included as Appendix 1 and can 

also be obtained using a link in the calculator tool.   

The amount of water reduction is calculated by knowing the current steam production and blow 

down rate.   

 

 

Reduction in heat required for the reduction in blow down water is calculated as follows. 
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Where  

Msteam = Steam production rate (average) - Lbs. per day    

% Bwc = Boiler blow down in terms of % of steam production    

Mfwc = Current rate of boiler blow down - Lbs per day  

ΔMbw = Reduction in blow down water lbs/day 

Δ%Bwc = Percent reduction in blow down water.   

ΔMbw = Reduction in blow down water flow rate (Lbs. /year) Δ%Bwc*Mfwc 

ΔHbw = Reduction in heat for blow down water (Million [MM] Btu/day)  

Hbw = This is heat content of water at steam pressure – Btu/lb 

Hfw = Heat content of feed water entering the boiler – Btu/lb.  

ηb = Boiler efficiency in %   

 

The energy savings and associated CO2 emission reduction are calculated for natural gas. Boiler 

water related savings are calculated to account for cost of water and chemicals etc. used for 

water treatment.  

4. Instruction on use of the calculator 

The following list summarizes the user inputs that are required.  The user should collect this 

information before using this calculator tool.  

 Company name, plant location and address 

 Customer name and contact information  

 Heating equipment description (where the energy-saving measure is applied)  

 Equipment type (furnace, oven, kiln, heater, boiler) 

 Equipment use (e.g., textile drying, aluminum melting, food processing)  

Note that some of this information may be optional for the web-based calculators due to users’ 

concerns about privacy.  

The following input data is required from the user.  

 Steam generation or evaporation (lbs/day)  

 Current boiler blow down rate (% of steam production) 

 % Reduction in Boiler blow down rate (% of steam production)   

 Boiler Pressure (psig)  

 Makeup water temperature (°F)  

 Enthalpy of blow down water  (Btu/lb)*  

 Enthalpy of makeup water at temperature (Btu/lb)*  
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 Boiler efficiency (%)  

 No. of operating days per year (days/year)  

 Cost of fuel ($/MM Btu)  

 Cost of water and chemicals (for makeup water) - ($/gallon of water)  

* Note: Obtain these values from Steam Tables.  

The calculator gives following results. 

  Current value of blowdown (lb/day)  

  Feed water (steam + blowdown) lb/day  

  Reduction in blow down water  (lb/day)  

  Net heat addition in blow down water (Btu/lb)  

  Gross heat required for the water (Btu/lb)  

  Gross heat required for the water (Btu/lb)  

  Energy savings (MM Btu/year)  

  Annual fuel cost savings ($ per year)  

  Total cost savings ($/year)  

  CO2 savings (Tons/year)  

  Water savings (Gallons/year)  

Note that the CO2 savings are based on natural gas as the fuel for the heating equipment.  A 

correction factor must be applied if any other fuel is used.  

This calculator requires the following input parameters describing the heating process in order to 

estimate the savings.  Exhibit 3 shows the user information screen and Exhibit 4 shows the 

calculator screen.    

The first section requires information about the user, equipment, and process.  

Line 1 – Name of the company. 

Line 2 – Name or known designation such as “main plant” or “secondary plant” if 

applicable.    

Line 3 – Plant address. 

Line 4 – Contact name for the plant – This individual is main contact and is responsible 

for collecting and providing the required information.    

Line 5 – Address for the contact person. 

Line 6 – Contact phone number and e-mail to be used for all future communications. 

Line 7 – Date when the calculations are carried out.  
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Exhibit 3: Required information for the calculator user 

 

 

 

 

 

 

Line 8 – Type of heating equipment – This can be an oven, furnace, boiler, heater, etc.  

This is the heating equipment where data is collected and the given energy 

saving measure is to be applied. 

Line 9 – Process or function for which the heating equipment is used – This can be name 

of the process such as drying, melting, water heating, etc.  

Line 10 – Any additional information that can be useful in application of the results.  

The second section of the calculator is used for collecting the necessary data and reporting the 

estimated savings.  

Exhibit 4 shows the required data for the calculator. The calculator cells are color coded.  The 

white color cells are used for data input by the user while the colored (yellow and light blue or 

green) cells are protected and give results of the calculations. The user is not allowed change 

numbers shown in the colored cells.  

Line 11 – Steam production (lbs/day) – Give value of average steam generation or 

evaporation rate in terms of lbs. of steam per day.  This should represent 

average value for operating days over a year or representative period.  

Line 12 – % Reduction in boiler blow down rate – This is an estimated or calculated 

value of reduction expressed as % of current steam production.  Depending on 

the current practices and water quality, this number could vary from 1% to 5%.  

This information can be obtained from boiler supplier, water treatment 

equipment supplier, steam system suppliers, or local sales representatives who 

supply steam system components.  If a good number is not available then carry 

out several calculations using different values starting from 1% and increasing 
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by an incremental value of ½ % or 1% to get values of possible savings.    

 

 

Exhibit 4: Example of calculator inputs and results 

 

 

 

Line 14 – Feed water (steam + blowdown) lb/day – This is a calculated valuebased on 

data given above.   

Line 15 – Boiler pressure (psig). Use steam pressure in psig as it is discharged from the 

boiler.  In most cases this value should be available on a panel or gage in boiler 

control room.      

Line 16 – Feedwater temperature (°F) – The current temperature of feedwater water 

entering the boiler.   

Line 17 – Reduction in blow down water (lb/day) – This is a calculated value based on 

the data given above.    
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Line 18 – Enthalpy of blow down water (Btu/lb) – This represents heat content or 

enthalpy of blow down water.  It is obtained from a steam table given as a link 

within the calculator.  The steam table is also given as Appendix 1 for the 

Technical Guide. Make sure to use absolute pressure for looking up values 

(absolute pressure [psia] = psig + 14.7) while looking up this value in a steam 

table.  

 

Line 19 – Makeup water temperature (°F) – The current temperature of makeup water 

entering the steam system.  This water is added to the boiler system to 

compensate for loss of water that is discharged as makeup water.  

Line 20 – Enthalpy of makeup water at temperature (Btu/lb.) – This represents heat 

content (enthalpy) of makeup water as it enters the steam system.  It is obtained 

from a steam table given as a link within the calculator.  The steam table is also 

given as Appendix 1 for the Technical Guide. Make sure to use absolute 

pressure for looking up values (absolute pressure [psia] = psig + 14.7) while 

looking up this value in a steam table.  

Line 21 – Net heat addition in blow down water (Btu/lb) – This is a calculated value 

based on the data given above.  It is the difference between Line 19 and Line 20 

above.   

Line 22 – Boiler efficiency (%) – Boiler efficiency can be calculated by using values of 

energy input or fuel used in the boiler and total heat content of steam produced 

in the boiler.  If it is not possible to get this value, contact the boiler supplier, 

review the boiler operating manual, or use name plate data. If none of this is 

available then you may use nominal value of 70% for a boiler without an 

economizer and 75% for a boiler with an economizer.  Note that this is an 

approximate value and should not be considered as final and accurate.  

Line 23 – Gross heat required for the water (Btu/lb) – This is a calculated value based on 

data given in lines 21 and 22 above.     

Line 24 – Total heat savings for the boiler (MM Btu/day) – This a calculated value based 

on data given in lines 23 and 18 above.  

Line 25 – No. of operating days per year (days/year) – Give number of operating days per 

year for the boiler. 

Line 26 - Energy savings (MM Btu/year) – This is a calculated value based on data given 

in lines 24 and 25 above. 

 Line 27 – Cost of fuel ($/MM Btu) – The user gives cost of fuel expressed in terms of 

$/MM Btu.  The cost should include all charges related to use of fuel at “the 

burner tip”.  This value can be obtained directly from monthly or annual gas 

bills.  It is often stated as a line item on the bill.  If the bill does not specifically 

mention the gas cost then it is necessary to calculate average cost of fuel by 

using values of total fuel cost and annual fuel used.   



  Reduce Boiler Blowdown  Water 

10 

 

 

 

If necessary, contact the fuel (natural gas) supplier or distributor for more 

information.  

Line 28 – Annual fuel cost savings ($/year) – This is a calculated value based on data 

given in lines 26 and 27 above.   

Line 29 – Cost of water and chemicals for makeup water ($/gallon of water) – Give cost 

of water and chemicals used for water treatment plus any other water treatment 

related cost to allow calculations for related cost savings.  

Line 30 - Total cost savings ($/year) – This is a calculated value based on data and 

calculations in lines 28 and 29 above.  

Line 31 - Cost of implementation ($) – The cost to implement blowdown reduction 

systems.  

Line 32 – Payback period (months) – The amount of time required for the payback of 

initial cost.  

Line 31 - Reduction in CO2 emissions (tons/year) – These savings are calculated based on 

annual fuel savings, assuming the fuel used is natural gas. The savings are in 

Short (US) tons, not in Metric tons. 

Line 32 - Water savings (Gallons/year) – This is a calculated value based on data given in 

lines 13 and 25 above.  
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Appendix 1 

Steam Tables  

 

The following link will allow the user to calculate steam 
properties  

 

If necessary please copy and paste this link to your Internet browser 

 

http://www.spiraxsarco.com/us/resources/steam-
tables.asp 

 

 

 

http://www.spiraxsarco.com/us/resources/steam-tables.asp
http://www.spiraxsarco.com/us/resources/steam-tables.asp
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